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Abstract: A study was undertaken to determine if meadow voles, 
Microtus pennsylvanicus, use habitats adjacent to apple orchards. 
Considerations were given to how extensively these areas were used, if 
at all, and if a bulldozed strip would control their movements between 
the orchard and adjacent border habitats. Trapping and telemetry data 
showed that meadow voles do use the adjacent border habitats extensive- 
ly and make frequent crossings between these areas and the nearby or- 
chards. It would seem, therefore, important to include these areas in 
any vole management program. Although the bulldozed strip was effec- 
tive in reducing movements between the orchard and adjacent habitat 
types, questions remain as to the optimal method of controlling any 
movement. 
INTRODUCTION 
A major concern of the orchard growers of the Hudson Valley has 
been the reinvasion of an orchard whose vole population has been elim- 
inated or controlled. Hamilton (1935) indicated that meadow voles 
used brush piles, weedy corners, and other borders near orchards. 
These individuals could act as "seed" populations that might ultimate- 
ly invade the orchards. Thus, it would be important to identify such 
sources, if they exist, and include these habitats in any overall 
vole management program. 
Four main questions were posed prior to the initiation of the 
field work. First, do meadow voles use habitats that are adjacent to 
many of the orchards? Second, to what extent do meadow voles use 
this border-refuge habitat? Third, how extensive are any movements 
between the orchard and border habitats? Finally, what effect would 
a boundary strip have on movement patterns between the orchard and 
border areas? 
METHODS 
The study site was located on the Steve Clarke farm near Modena, 
New York in the Hudson Valley. A trapping grid was set up along an 
orchard edge bordering a wet hollow dominated by thick brush and 
woody vegetation. A grass strip 5 m wide separated the orchard from 
the brush and will hereafter be called the edge. 
The trapping g r i d  consis ted of 90 Sherman l i v e  t r a p s  s e t  i n  15 
rows with s i x  s t a t i o n s  per  row (Figure 1). One t r a p  was placed a t  
Figure 1: Diaqram of t h e  study s i t e ,  showing apple t r e e s  ( O ) ,  t r a p  
loca t ions  (+), and t h e  brush h a b i t a t  ( / / / ) .  The two heavy hor izon ta l  
l i n e s  enclose t h e  bulldozed zone. 
each s t a t i o n .  Traps were spaced 7 m a p a r t  within rows and 10 m a p a r t  
between rows a s  d i c t a t e d  by t r e e  spacing. The g r i d  was s i t u a t e d  so  
t h a t  t h r e e  s t a t i o n s  i n  every row were i n  t h e  orchard, one s t a t i o n  was 
i n  t h e  edge, and two were i n  t h e  brush. Three t r a p  checks were con- 
ducted over a two-day period f o r  a t o t a l  of 270 t r a p  checks. A t  t h e  
conclusion of t h e  study, a three-day t r a p  ou t  was conducted t o  re- 
t r i e v e  t r a n s m i t t e r s  and remove a l l  animals present .  
Telemetry equipment and methods use2 were s i m i l a r  t o  those de- 
sc r ibed  i n  e a r l i e r  papers (Madison, e t  a l . ,  1980). Four a d u l t  male 
meadow voles  and f i v e  a d u l t  females were se lec ted  from the  animals 
trapped f o r  use i n  t h e  te lemetry work. These animals came primari ly  
from orchard t r a p  s i t e s .  A l l  male meadow voles  were reproductively 
a c t i v e ,  and a l l  females were a t  t h e  same stage of pregnancy a t  t h e  
time of t r a n s m i t t e r  implant. 
Telemetry pos i t ions  were obtained hourly f o r  e i g h t  consecutive 
hours on each of t h r e e  days f o r  every individual .  After  an i n i t i a l  
25 p o s i t i o n s  were obtained, a bulldozed s t r i p  15 m wide was made i n  
t h e  brush. The 5 m wide edge was l e f t  untouched, c rea t ing  a t o t a l  
dis tance  of 20 m between t h e  orchard and t h e  edge of the  brush. 
Twenty-five telemetry p o s i t i o n s  were again obtained on each individual  
i n  t h e  same manner a s  described above. The da ta  were combined (males 
p lus  females) f o r  ana lys i s .  
RESULTS 
The t rapping r e s u l t s  shown i n  Table 1 ind ica te  t h a t  the  meadow 
voles  used a l l  t h r e e  a reas  found within the  study s i t e .  For the  s i z e  
of t h e  area involved, a  disproport ionately high number of voles  were 
caught i n  t h e  mowed edge hab i ta t .  The r e s u l t s  of t h e  t rapping sug- 
gested a  j u s t i f i c a t i o n  t o  continue with the  p r o j e c t  desp i te  the  fewer 
captures  i n  t h e  brush zone. 
Table 1: Trapping da ta  ind ica t ing  t h e  number of d i f f e r e n t  ind iv idua ls  
caught i n  each h a b i t a t  type. 
Sex Total  
M F Total  Trap Checks 
Orchard 5 6 11 
Edge 7 3 10 
Brush 4 2 6 
Animals caught i n  one h a b i t a t  type d id  not necessar i ly  r e s t r i c t  
t h e i r  movements t o  t h a t  area.  Six of the  nine t ransmit tered voles  
included both t h e  brush and orchard h a b i t a t s  within t h e i r  home ranges. 
These animals f r e e l y  crossed t h e  grassy edge before t h e  bulldozed 
s t r i p  was c rea ted  between the  orchard and brush zones. 
The telemetry d a t a  presented i n  Table 2 a r e  adjusted values,  
obtained by mult iplying t h e  raw da ta  by c o e f f i c i e n t s  t o  r e f l e c t  the  
s i z e  of t h e  t h r e e  h a b i t a t  types on t h e  study s i t e s .  The t o t a l  te-  
lemetry p o s i t i o n s  f o r  t h e  edge, brush, and orchard were mul t ip l ied  
by .17, -33,  and .50 ,  respect ively.  The da ta  a r e  summarized a s  mean 
telemetry p o s i t i o n s  per  h a b i t a t  type before and a f t e r  bulldozing. 
Table 2: Telemetry d a t a  summarized a s  mean pos i t ions  per  area before 
and a f t e r  bulldozing. The telemetry da ta  was adjusted by c o e f f i c i e n t s  
t o  r e f l e c t  t h e  s i z e  d i f fe rences  between the  h a b i t a t  types ( the  coef f i -  
c i e n t s  were .17 f o r  edge, .33 f o r  brush, and .50 f o r  orchard) .  
Orchard Edge Brush 
Before 
Af te r  
A two-way ana lys i s  of var iance was c a r r i e d  ou t  on t h e  telemetry 
da ta .  No s t a t i s t i c a l l y  significant d i f fe rences  ex i s ted  between be- 
f o r e  and a f t e r  bulldozing; however, t h e  a r e a  main e f f e c t  was s i g n i f -  
i c a n t  (p < .01). A Neuman-Keuls mult iple  range t e s t  showed t h a t  brush 
and orchard zones were used s i m i l a r l y ,  b u t  t h e  edge was used s i g n i f i -  
can t ly  l e s s  than e i t h e r  t h e  brush o r  orchard (p < .05). 
A s  an i n d i c a t o r  of mobility between t h e  brush and orchard a reas ,  
t h e  number of complete crossings from t h e  brush i n t o  the  orchard hab- 
i t a t  ( o r  v i c e  versa )  was tabu la ted  both before and a f t e r  the  bul l -  
dozing f o r  each meadow vole (Table 3 ) .  A l l  bu t  two of the  nine ani- 
mals ca r ry ing  t r a n s m i t t e r s  made crossing moves before the manipulation. 
During t h e  bulldozing operat ion,  considerable  movement occurred a s  
near ly  every t ransmi t te red  vole  had t o  move away from t h e  bulldozer. 
However, only one female meadow vole  carrying a t ransmi t te r  was k i l l e d  
a s  a d i r e c t  r e s u l t  of t h e  bulldozing. A t - t e s t  showed a s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f fe rence  i n  crossings before z. a f t e r  bulldozing ( t  = 
3 .48 ,  p < .05). Substant ively,  t h e r e  appears t o  be a d i s t i n c t  decrease 
i n  t h e  number of crossings a f t e r  t h e  bulldozing. 
Table 3: The number of crossings from t h e  orchard t o  t h e  brush ( o r  
v ice  versa)  by ind iv idua l  meadow voles  before and a f t e r  bulldozing. 
Number of Crossings 
Vole Before After  
DISCUSSION 
The main purpose of t h i s  study was t o  determine i f  h a b i t a t s  
found ad jacen t  t o  orchards were used by meadow voles. The t rapping 
and telemetry d a t a  not  only show t h a t  some meadow voles use t h e  
brush a s  p a r t  of  t h e i r  home ranges, b u t  t h a t  they use it j u s t  a s  
in tens ive ly  a s  they use t h e  orchard hab i ta t .  There i s  considerable 
movement between t h e  orchard and brush h a b i t a t s  a s  long a s  t h e r e  is no 
b a r r i e r  t o  prevent  it. 
The r e l a t i v e l y  open and unprotected edge h a b i t a t  appears t o  be 
used i n  a l imi ted  way by t h e  voles ,  pr imari ly  a s  a cor r idor  through 
which t o  move between t h e  brush and orchard. The la rge  number of 
t r a p  captures ,  b u t  t h e  small  number of te lemetry pos i t ions ,  i n  t h i s  
zone can be explained a t  l e a s t  i n  p a r t  by rap id  movements between t h e  
brush and orchard h a b i t a t s .  
Several  animals moved i n t o  t h e  brush toward t h e  evening hours 
with only i n t e r m i t t e n t  per iods spent  there  during t h e  day. This sug- 
g e s t s  t h a t  t h e  animals p re fe r red  t h e  s h e l t e r  of t h e  brush, b u t  pre- 
f e r r e d  t o  feed  i n  t h e  orchard. This conclusion i s  supported by t h e  
pauci ty of  herbaceous vegetat ion on which t o  feed i n  t h e  brush h a b i t a t .  
Reducing t h e  l ike l ihood  of reinvasion of the  orchards by voles  is 
an important element of a management program. By reducing o r  elimina- 
t i n g  t h e  movement of animals between t h e  orchard and border h a b i t a t s ,  
a grower can c r e a t e  two separa te  populations, thereby allowing t h e  
implementation o f  a management program without t h e  t h r e a t  of invasion 
by vo les  from e x t e r n a l  sources. Although t h e  bulldozed border s t r i p  
appeared t o  be  e f f e c t i v e  i n  stopping crossing movements, it i s  
doubtful  t h a t  a 20 m wide s t r i p  would be a p r a c t i c a l  con t ro l  measure. 
Adjoining property l i n e s  o f t e n  make it d i f f i c u l t  t o  use many e f f e c t i v e  
means of  con t ro l .  
Cole (1978) ind ica ted  t h a t  a c lean,  mowed s t r i p  10 m wide was an 
adequate b a r r i e r  t o  p r a i r i e  vole  movements. Another study i n  
Aus t ra l ia  (Barnet t ,  e t  a l . ,  1978) showed t h a t  small mammals r a r e l y  
crossed open a r e a s  such a s  roads even i f  t h e  road had long been 
unused and was p a r t l y  overgrown. They a l s o  ind ica ted  t h a t  t h e  number 
of c ross ings  was inverse ly  r e l a t e d  t o  road width. Horsfal (1964) 
s t a t e d  t h a t  roads and streams appear t o  a c t  a s  b a r r i e r s  t o  meadow 
and p ine  vo le  movements along orchard borders. Other d e t e r r e n t s  could 
include t i l l e d  and/or herbicided s t r i p s  along orchard boundaries. 
Where poss ib le ,  border a reas  should be kept  c lean (Hamilton, 
1935), s ince  brush p i l e s  o r  overgrown corners  can support a population 
of  meadow voles .  However, any a l t e r a t i o n  of t h e  h a b i t a t  should be 
done i n  conjunct ion with an orchard management plan s ince  t h e  
removal of s h e l t e r  could force  animals t o  seek refuge i n  the  nearby 
orchards (Horsfal,  1964). 
The r e s u l t s  of  t h i s  study i n d i c a t e  t h a t  a sound vole management 
program should inc lude  h a b i t a t s  ad jacen t  t o  t h e  orchards. Although 
t h e  loca t ion  of t h e  study s i t e  d i c t a t e d  t h e  use of only meadow voles  
i n  t h i s  p r o j e c t ,  it i s  poss ib le  t h a t  many of t h e  woodlots t h a t  e x i s t  
near  t h e  orchards could harbor p ine  vole  populations a s  wel l  (Goertz, 
1971; Paul,  1970; Benton, 1955). Further  work needs t o  be done t o  
i d e n t i f y  t h e  bordering h a b i t a t s  t h a t  could harbor meadow and/or pine 
vo le  populations. The e f f e c t  of d i f f e r e n t  population d e n s i t i e s  on 
movements ac ross  b a r r i e r s ,  a s  well  a s  t h e  long-term ef fec t iveness  of 
b a r r i e r s ,  must a l s o  be s tud ied  before f i n a l  conclusions can be drawn. 
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